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Forward Upgrade for pp/pA Physics
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Forward Upgrade for AA Physics

Z.Ye, 3/9/20174 More details in tomorrow’s talk 



Forward Tracking Requirements
• pp/pA physics – forward

• charge separation for π+/π-, di-hadron, Drell-Yan (𝑞)
è low mass, good ϕ resolution

• e/h discrimination for Drell-Yan (𝑝/𝐸)
è good ϕ resolution

• e/γ discrimination for direct photon, Drell-Yan (hit veto)
è low mass, high efficiency

• Reconstruction of jets (𝑝)
è large η coverage, good ϕ resolution

• AA physics – forward
• Longitudinal fluctuation/even-shape engineering (𝑝)
è low occupancy, good ϕ resolution, large η coverage

• Long range correlation (𝑝)
è low occupancy, good ϕ resolution, large η coverage
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Good ϕ resolution
Large η coverage
High efficiency
Low occupancy
Low mass
Low cost



Location & Space Constraints
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fSTAR



Location & Space Constraints
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fSTAR

Solenoidal Magnetic Field: B=0.5 T
Space:  3<r<45 cm,  68<z<230 cm



• Particle deflection 
inside a 0.5 T field 
along z direction

• Position resolution:
R: ~ 1 cm
𝜙: ~ 20 -100 𝜇𝑚

Particle Deflection in Magnetic Field

Z.Ye, 3/9/20178 Open symbols: z = 65, 145, 160, 170 and 410 cm Filled symbols: z = 70-140 cm

𝜂 = 3
𝑝 = 10	𝐺𝑒𝑉/𝑐



Layout with uniform width in 𝜂
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Material budget: <0.5% X0 per plane



Performance from Simulation
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Performance from Simulation
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Occupancy
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Assume total track=2*primary tracks:

Occupancy ≤     5% (inner R) 
10% (outer R) 

in 0-3% Au+Au collisions at 200 GeV
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Silicon Sensors
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• Single-sided double-metal silicon ministrip sensors
• 8x128 strips per sensor, read out from the outer radius
• R&D needed to validate and optimize sensor design



Front-end Readout ASIC – APV25
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• 128 channels per chip, used successfully for STAR IST 
• 1200 probe-tested chips in hand
• No R&D needed



DAQ System
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Cooling System
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Non-ionization radiation: < 1×1045	 1	𝑀𝑒𝑉	𝑛𝑒𝑢𝑡𝑟𝑜𝑛/𝑐𝑚<

Can use IST cooling system with liquid cooling in room temperature



Cost Estimation
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→ $4, 036,000 *

→	 $2, 898,000 *

* Cost if re-using IST DAQ and cooling systems

Labor and contingency included:



Summary

• A Silicon-based detector can satisfy the needed forward 
tracking requirements for pp/pA and AA physics programs

• A cost-effective path using APV25 for readout
• Reuse the existing IST DAQ and cooling
• Mechanical engineering needed for supporting structure
• R&D needed for sensor design validation and optimization

• Other option under exploration 
• CBM STS (space, radiation, schedule)
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Backup
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Location
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LHCb-Velo Detector
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LHCb VELO Detector



LHCb-Velo Detector
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LHCb VELO Detector



Sensor Simulation
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Good DC behavior, full depletion voltage ~ 100 V



Sensor Simulation
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Charged particles 
passing through 
sensor



Sensor Simulation
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Good signal behavior with small amount of cross-talk



Silicon Sensor R&D

Schedule
• Finalize sensor wafer layout and place order – Winter 2017
• Sensor QA test – Spring 2018
• Prototype assembly ~ Summer 2018
• Prototype full performance test ~ Fall 2018

Deliverable
• Proof-of-principle and optimized sensor design
• Full detector system design by the end of year 2018
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D0 SMT Forward Disk Assembled at Fermilab
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D0 SMT
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D0 SMT


